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Abstract. The aim was to study the effect of different combined treatments to prolong the shelf-life of 
meat. Chicken meat was dipped in Na3PO4 solution (3.8 - 15 %) for 1 min, packed and stored at 4 °C. The 
optimal Na3PO4 concentration (7.6 %) reduced the viable cell count by 2 log cycles, the shelf-life was minimum 
3-4 days compared to the non-decontaminated samples. Higher concentration did not result in higher effectivity. 
Minced chicken meat and beef were treated with HHP (0-600 MPa) and nisin (670 IU g-1). In case of the vacuum 
packed minced chicken meat the total viable cell count decreased by 3 log cycles as an effect of HHP at 300 
MPa and by 5 log cycles in combination with nisin. After inoculation with L. monocytogenes the cell count of 
beef meat was reduced  only by pressure higher than 200 MPa. The vacuum packaging and irradiation with 2 
kGy was the most effective combination. This combination resulted in a shelf-life extension to over 21 days. In 
the irradiated samples pathogenes could not detected. The other combination, CO2 and the gas mixture (80 % N2 
– 20 % CO2) produced shorter storage time than vacuum packaging and irradiation. 
 
INTRODUCTION 
 
The shelf-life, quality and safety of different foods depend on intrinsic and extrinsic 
factors. One of the most important factor is the sensitivity of the microbial community of 
foods to the preservation technologies. The resistance of microorganisms is varying, therefore 
the chemical and physical agents influences differently the survival of microorganisms. „ The 
use of these inhibiting factors in combination can be advantageous, principally by allowing 
the less extreme use of any single treatment, which consequent improvement in product 
quality, or sometimes with the identification of new product opportunities.” [2].Our aim was 
to study the effect of some treatment combinations (chemical compound:trisodium-phosphate, 
chilling, packaging: vacuum, CO2, gas mixture (N2-CO2), high hydrostatic pressure, gamma 
irradiation), on the shelf-life of meat. 
 
MATERIAL AND METHOD 
 
We carried out three groups of basic factors of combinations: 1. trisodium-phosphate 
(TSP), 2. high hydrostatic pressure (HHP), and 3. irradiation: 
1. Chicken wings were obtained from a commercial slaughterhouse-line immediately after 
chilling. Samples were dipped into Na3PO4x12H2O (Reanal, puriss) solution of different 
concentrations (3.8, 5.0, 5.7, 7.6, 10.0, 15.0 %) for 1 min. The control samples were treated 
with distilled water. After treatment, samples were dripped, put in PE pouches and stored at 4 
°C. The viable cell count was determined as a function of storage time. For colony counting, 
Spiral Plate Technique was used. The mesophilic aerobic, pseudomonads and enterobacteria 
cell count was determined. All measurements were carried out in two replicates. The effect of 
treament was expressed as changes in colony counts of the surviving fraction of different 
microorganisms. Dynamic growth model of Baranyi and Roberts [1] was fitted on the 
measured colony counts, maximum growth rate, maximum colony count, and their standard 
errors were calculated and analysed.The experiments were carried out with different samples, 
therefore, the ratio of the actual cell count to the untreated total mesophilic aerobic cell count 
(TVC), i.e. log10 N/N 0TVC values, was used. 
 
2. Deboned chicken meat with natural microbial contamination was minced and vacuum 
packed in WIPAK multibarrier pouches (PE-PA-PE). Beef meat (Musculus psoas maior) was 
used 24 h after slaughter. Minced meat one part of it had the original microbiological 
contamination, the other part was inoculated with a suspension of an overnight culture of L. 
monocytogenes
 strain OÉTI 493 KR (106-107 CFU g-1 meat). Nisaplin (Applin and Barrett 
Ltd., U.K. 1.0 x106 IU nisin g-1) was solved in 50 % ethanol, centrifuged, filtered , stored for 
24 h at 4 °C before use and mixed into meat to obtain final concentration of nisin of 670 IU  
g-1. The samples between nisin addition and HHP treament were kept at 4 °C and 24 °C for 
maximum 60 min. The HHP treatment was carried out with the FOOD LAB 900 equipment 
(Stansted Fluid Power Ltd., U.K.) in the range of 100-600 MPa. The pressurization time was 
20 min and the temperature during treatments was between 0-40 °C. Samples were stored at 4 
°C. For colony counting Spiral Plate Technique and for low cell counts MPN method was 
used. The viable cell, pseudomonads and L. monocytogenes counts were determined. 
Statistical description and evaluation (average, standard deviation, etc.) were carried out, 
where sufficient data was available. 
 
3. Pork was used for the experiments, 24 h after slaughtering the M. longissimus dorsi was 
boned and cut. The meat slices were packed in vacuum packaging in trilaminated (PE-PA-PE) 
foil. For the gas atmosphere packaging the machines sucked the air from the package, and 
filled it either with CO2,  or with a gas mixture (80:20 v/v % N2:CO2). In packages the O2 
concentration were 3.3, 2.2 v%, resp. The samples were irradiated in type RH-gamma-30 (Co-
60) source (0.25 PBq), having a dose rate of 4.5 kGy.h-1 , doses applied were 0, 1, 2 and 4 
kGy, the temperatur was 15 °C. The samples were stored at 3-5 °C. The mesophilic aerobic, 
psychro-tolerant, enterobacteria counts were determined by MPN method. We estimated the 
number of lactobacilli, coliform, E.coli I., S.aureus and salmonellae too. For the MPN method 
3, for the pour plate 2 parallels were made. The cell counts were determined in the function of 
storage time. (This part (3) of research work was supported by IAEA by RA No.6005/CF.) 
 
RESULTS AND DISCUSSION 
 
Effect of combination of trisodium phosphate, packaging and chilling 
 
The decontamination treatment is an organic part of the slaughterhouse technology, 
which can improve the hygienic quality and microbiological safety of products [8]. The 
microbiological contamination of chicken after slaughterhouse processing is relatively high 
(104-106 CFU g-1).   
The high initial cell count of meat reduces the shelf-life, i.e. the storage time is short (1-
2 days). The different decontamination processes improve the microbiological quality of 
meat, and combined with chilling storage, elongate the shelf-life [6,7,8] and the count of 
pathogenic microorganisms are reduced [15].  The data of experiments show very well the 
reduction of microbiological contamination (mesophilic aerobic count, pseudomonads and 
enterobacteria) after the application of TSP treatment of chicken wings. In case of high initial 
contamination (log10 7) the reduction was almost two log cycles after treatment with 10 % 
dipping solution, at higher (15 %) concentration this value practically was not improve 
(Fig.1).
  
 
 
Fig1: Fig. 1. Survival (mesophilic aerobic cell count (n=31), pseudomonads (n=30), enterobacteria (n=22) on 
chicken wings as a function of Na3PO4 concentration (0, 5, 10 and 15%) : mesophilic aerobic cell count; : 
pseudomonads; : enterobacteria 
 
The decreases in colony counts of pseudomonads and enterobacteria were very similar 
in tendency. From these data it can be concluded that TSP concentration higherthan 10 % did 
not result in lower colony counts or the increasing concentration is not in direct not proportion 
with the cell count reduction [12]. In case of lower initial contamination level (log10 6-7) the 
reduction was higher, approximately 2-3 log cycles at 7.6 % TSP concentration. Arbitrarily 
accepting the critical contamination level as 107 g-1, the calculated shelf-life for meat treated 
with 7.6 % TSP will increase for mesophilic total count to 3 days, for pseudomonads to 4 
days and to 6 days for enterobacteria.When the initial contamination had been lower than 106 
g-1, the shelf-life was longer. The effect of the treatments on the growth rate and the 
maximum cell count of the surviving cells of all three groups of bacteria were investigated. 
The maximum growth rate (µmax) decreased in case of mesophilic aerobic microbes and 
enterobacteria as the effect of the treatment, but we could not estimate significant differences 
among the growth rates at the applied concentrations of trisodium phosphate. 
 
Effect of high hydrostatic pressure and temperature           
 
It is well known that vegetative microorganisms are sensitive to HHP, therefore this 
process is an effective treatment to inactivate or kill spoilage and pathogenic microbes from 
food safety point of view [2,5,11]. Gram-negative microorganims are more sensitive to 
pressure than Gram-positive ones, therefore high pressure treatment is very effective in 
reducing the number of pseudomonads causing spoilage [2,13]. The efficiency of the 
treatment should be to take into consideration the sensitizing or inhibiting effect of the media 
[14]. The total viable cell count in minced poultry meat decreased by 1 log cycle at 200 MPa 
and this reduction was greater than 3 log cycles at 300 MPa. In the presence of nisin, this 
reduction was further increased by about 1.5 log cycle. Regression equations were calculated 
from the linear part of the survival curves in the pressure range of 100-300 MPa. The 
sensitivity of pseudomonads is high to hydrostatic pressure.  The reduction was 5 log cycles at 
300 MPa, and nisin did not significantly influence this effect (Fig.2).  
The effect of HHP treatment was studied int he 0-500 MPa range in minced beef. At pressure 
higher than 200-250 MPa, the viable cell count dropped very quickly and 450 MPa the 
decrease amounted to more than 6 log cycles. When pressure was applied (0-250 MPa) in the 
presence of nisin (670 IU g-1), the reduction depended on the temperature of storage between 
nisin addition and pressure treatment. There was no difference in the survival of viable cells 
between treated samples stored at 4 °C, while in nisin containing samples stored at 24 °C the 
total cell count was 0.5-1.0 log cycle lower compared to the other samples. This temperature 
dependent difference was not observed at pressure values higher than 250 MPa. At chilling 
temperature, the reduction amounted to 6 log cycles. The slopes of regression equations 
between 200-450 MPa  were statistically not different and the D value with or without nisin 
was 37 MPa and 38 MPa, respectively. 
 
Fig2: Fig.2 , Survivors of total viable cell count (TVC) and pseudomonads (Ps) in minced chicken meat and 
the equations of the linear phase as a function of high hydrostatic pressure (p) and nisin 
: pseudomonads in meat without nisin;              log10 (N/N0) = l .7-0.0293-p; n = 8 
 : pseudomonads in meat with nisin;                   (with and without nisin) 
: total viable cell count in meat without nisin;    log10 (N/N0) = 4.0-0.0241 -p; n = 3 
: total viable cell count in meat with nisin;         log10 (N/N0) = 2.5-0.0243-p; n = 5 
 
Effect of packaging, irradiation and storage temperature  
 
The microbe-destroying action of ionizing radiation is effective even at low radiation 
doses, first of all on the susceptible Gram-negative bacteria. The non-spore forming 
pathogenic microbes are generally sensitive [8,9,]. The resistance of microorganisms can be 
reduced by the action of modifying factors, for example the gas composition of the amosphere 
and cold temperature [3,4,10,11].  In case of the vacuum-packed pork samples at 3-5 °C 
storage temperature the stability increased, because the microbiological contamination was 
very effectively decreased by irradiation. The number of mesophilic microorganisms was 
followed during storage time in the function of the irradiation dose. The storability increased 
up to 21 days for samples treated with 2 kGy (Fig.3). The count of the psychrotrophic 
organisms decreased by 2 log cycles, lactobacilli were present at low number and the 
pathogens could not be detected in samples treated with 2 kGy. The samples treated with 4 
kGy had an off -odour. The shelf-life int he CO2-atmosphere was better than that of the 
samples in N2:CO2 atmospheree, buti n both cases it was shorter than that of the vacuum-
packed sample. In case of CO2 atmosphere the gas was solved ont he surface of the meat and 
decreased the pH, thus improving the storability [8]. 
 
Fig3: Fig. 3. Survival of mesophilic aerobic microorganisms of vacuum packed sliced pork meat in the 
function of irradiation dose (0,1,2,4,kGy) and storage time (day) at 3-5 °C storage temperature. 
 
 
 
 
CONCLUSION 
 
The effect of Na3PO4 dipping solution is based on high pH which causes injury of the 
cell wall, produces holes and increases the permeability of cell membrane. It was concluded, 
that the optimal concentration of dipping solution is 7.5 % for 1 min and this treatment results 
in approx. 2 log cycles cell count reduction of chicken meat. The total viable cell counts in 
minced chicken meat were reduced with high efficiency in the range of 0-300 MPa 
hydrostatic pressure, and the presence of nisin 670 IU g-1 concentration further increased the 
killing effect. The sensitivity of pseudomonads is high to hydrostatic pressure, but nisin has 
no further effect on their survival. Survivors of L .monocytogenes dropped very quickly at 
HHP treatment higher than 200-250 MPa (at 450 MPa 6 log cycles reduction was measured), 
but nisin addition did not improve the efficiency. Out of the modified packaging and 
irradiation combination experiments the most effective combination was the vacuum 
packaging and 2 kGy treatment was. The shelf-life of pork meat can be increased over 21 
days. These results support the findings of others. 
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